Abstract Introduction: Cerebellar infarction is relatively uncommon. Small infarctions only cause cerebellar manifestations e.g. ataxia and nystagmus and are treated medically. Large cerebellar infarctions, however, can be life threatening. It cause brain stem compression and can obstruct the cerebrospinal fluid pathway causing obstructive hydrocephalus. It has to be treated promptly and may require besides the medical treatment surgical intervention as well. This is mainly in the form of posterior fossa decompression. In this study, we studied the beneficial effect of inserting a temporary ventriculoperitoneal shunt to relieve the supratentorial hydrocephalus in addition to posterior fossa decompression on the morbidity and mortality of patients in comparison to posterior fossa decompression alone. Aim of the work: The aim of this study was to evaluate the role of ventriculosubgaleal shunt in cerebellar infarction causing supratentorial ventricular dilatation. Methods: This was a retrospective study that included ten patients having extensive cerebellar infarction causing spratentorial hydrocephalus. They were divided into two groups, group (1) was submitted to posterior fossa decompression alone and group (2) was submitted to posterior fossa decompression in addition to temporary ventriculosubgaleal shunt insertion. Results: Group (2) which had posterior fossa decompression in addition to temporary. ventriculosubgaleal shunt had much better results than group (1) which had only posterior fossa decompression. Group (2) had a lower morbidity and mortality and a shorter hospital stay than group (1). Conclusion: Temporary insertion of ventriculosubgaleal shunt is recommended in patients having extensive cerebellar infarction causing supratentorial hydrocephalus in addition to posterior fossa decompression. It results in a lower morbidity and mortality and a shorter hospital stay.
Introduction
The cerebellum is relatively an uncommon site of brain infarction. 1, 2 It is mainly caused by vascular occlusion but also may be traumatic. Small infarctions usually cause only cerebellar manifestations without obstructive symptoms. [3] [4] [5] Large cerebellar infarctions, however, can have devastating effects. In addition to cerebellar manifestations, the edema caused by cerebellar infarction can cause brain stem compression, resulting in various brain stem manifestations, including deteriorating level of consciousness, respiratory complications as well as cranial nerve manifestations. [6] [7] [8] Fourth ventricular compression is also a complication of extensive cerebellar infarction. It can result in obstructive hydrocephalus causing increased intracranial pressure with its sequelae. [9] [10] [11] The standard intervention of extensive cerebellar infarction causing brain stem compression is posterior fossa decompression in addition to the usual medical treatment. 12, 13 However, in many cases, posterior fossa decompression alone is not enough to relieve supratentorial ventricular dilatation. For this reason, a temporary ventriculosubgaleal shunt is inserted at the same session to relieve pressure. The usual procedure used in different institutions to relieve pressure caused by supratentorial hydrocephalus is the use of external ventricular drainage to relieve and to measure the intracranial pressure. However, this usually has a high cost and can be complicated by intracranial infection. [14] [15] [16] For this reason, we investigated the efficacy of temporary ventriculosubgaleal shunt as a cheap and effective way to decrease intracranial pressure caused by hydrocephalus in patients with large cerebellar infarctions.
Aim of the work
The aim of this study was to evaluate the role of ventriculosubgaleal shunt in cerebellar infarction causing supratentorial ventricular dilatation.
Patients and methods
This is a retrospective study where data were collected from the archives of patients. Ten patients presenting with extensive cerebellar infarction causing obstructive hydrocephalus were included in the study. Any age and both sexes were included.
Preoperatively, patients were submitted to the following procedures:
Complete history taking. Complete general and neurological examination. Investigations in the form of:
Laboratory investigations. Radiological investigations in the form of computerized tomography scanning of the brain and magnetic resonance imaging for selected patients. Patients were divided into two groups:
Group (1): had only posterior fossa decompression done (5 patients). Group (2): had both posterior fossa decompression as well as ventriculosubgaleal shunt done (5 patients). The posterior fossa decompression was in the form of bony decompression as well as expansive duroplasty.
Postoperatively, patients were submitted to the following:
Complete general and neurological examination. Radiological investigations in the form of computerized scanning of the brain. Patients who underwent ventriculosubgaleal shunt had this shunt removed after two weeks of the operation.
All patients had clinical follow-up for six months. Computerized scanning of the brain was done in the followup period when required.
The confidentiality of the patients was kept and ethical concerns were met.
Statistical analysis
Data were presented as numbers and percentages.
Results
The percentages of patients were highest in the young age group between 15 to less than 30 years (60%) and decreased progressively with increasing age as shown in Table 1 .
Males were more common (70%) than females (30%) as shown in Table 2 .
Vascular occlusion was present in 60% of cases, while traumatic infarction was present in 40% of cases as shown in Table 3 .
On admission Glasgow coma scale of 3-9 represented 50% of cases which was the most common presentation as shown in Table 4 .
On admission Glasgow coma scale of 3-9 represented 60% of cases in group (1) patients which was the most common presentation as shown in Table 5 .
On admission Glasgow coma scale of 3-9 as well as from 10 to 12 represented 40% each of group (2) patients as shown in Tables 6 and 7 .
Preoperative MRI of the brain was used for earlier detection of cerebellar infarction in some of the cases (Fig. 1 ). Preoperative CT scan of the brain showed hydrocephalus with radiological manifestations of increased intracranial pressure (Figs. 2 and 3). These radiological manifestations included increased Evans' index to 0.3 or greater and temporal horn dilatation in all cases of both groups. Periventricular edema around the frontal horn occurred in 60% of patients in group (1) and in 40% of patients in group (2) .
Postoperative CT scan of the brain was done for all cases to detect the adequacy of posterior fossa decompression (Fig. 4 ) and the placement of the tip of the ventriculosubgaleal shunt in the frontal horn of the lateral ventricle as well as the adequacy of supratentorial ventricular drainage (Fig. 5) .
One month postoperatively, 40% of group (1) patients had GCS of 13-15, while 20% of patients had GCS of 3-9 as shown in Table 8 . Two patients in this group died within one month of surgery.
One month postoperatively, 80% of group (2) patients had GCS of 13-15, while 20% of patients had GCS of 10-12. None of the patients had GCS of 3-9 as shown in Table 9 . Postoperative complications included meningitis in one patient and wound infection in two patients as shown in Table 10 .
The number of postoperative days till recovery of the conscious state decreased significantly in patients who had ventriculosubgaleal shunt in addition to posterior fossa decompression as shown in Table 11 .
Discussion
The posterior fossa is a tight space that harbors the cerebellum and the brain stem. Different etiologies can cause cerebellar swelling including tumors, hemorrhage and infarctions. [17] [18] [19] Cerebellar infarctions often result from vascular occlusion but can also result from trauma. Small cerebellar infarctions often only cause cerebellar dysfunction manifestations without compressive manifestations. [20] [21] [22] [23] However, large cerebellar infarctions can cause compressive manifestations in the form of brain stem compression and compression of the fourth ventricle. The later can cause obstructive supratentorial hydrocephalus. [24] [25] [26] Medical treatment can be used for treatment of small cerebellar infarction. However, for large cerebellar infarction with compressive manifestations, surgical decompression is usually needed to relieve the compressive symptoms. [27] [28] [29] Relieve of supratentorial hydrocephalus was not done in all cases and that caused increased morbidity and mortality. Therefore, insertion of temporary ventriculosubgaleal shunt during the initial procedure was advocated to relieve the supratentorial hydrocephalus and thus expedes the recovery. [30] [31] [32] This study included 10 patients who had extensive cerebellar infarction from different etiologies that resulted in brain stem compression, fourth ventricular obstruction and supratentorial hydrocephalus. Five patients were treated with only posterior fossa decompression that included bony decompression as well as expansive duroplasty. The other five patients had posterior fossa bony decompression, expansive duroplasty as well as ventriculosubgaleal shunt using a catheter at the time of the operation that was removed two weeks postoperatively. Not all the cases were drained because this was dependent on the surgeons' preference and many neurosurgeons think that whatever the degree of supratentorial hydrocephalus, it would be resolved by the mere posterior fossa decompression without the need for supratentorial CSF drainage. Actually there was not a selection bias in this study because these 10 patients were all the patients that could be found in the hospital records who had large cerebellar infarction with supratentorial hydrocephalus. The age of the patients ranged from 18 to 46 years and the most common age group was from 15 years to less than 30 years (60%) ( Table 1 ). The younger age preponderance could be explained by the larger brain volume and thus tighter posterior fossa in younger age group and thus more compressive manifestations. In the younger age group, the cerebellar tissue is occupying the whole tight posterior fossa space and any cerebellar swelling would easily obstruct the CSF pathways causing hydrocephalus, in contrast to the more capacious subarachnoid space around the cerebellum in older age group that can accommodate cerebellar infarction without causing obstructive hydrocephalus which was a major criterion to admit patients in our study. In addition, the large subarachnoid space due to brain atrophy in older age group usually makes supratentorial ventricular dilatation clinically insignificant. Forty percentage of cases were traumatic which usually occurs in younger age group. These cases were obtained from patients' records without selection bias and these were the patients' age found, probably because of the more preponderance of younger age group in our country. This age range in our study was different from other studies. [33] [34] [35] Seventy percentage of cases were males and 30% were females, which could be explained by the post-traumatic cases who were only males, thus increased the percentage of males in the study (Table 2) . Vascular occlusion was the etiologic factor in 60% of cases, while trauma (edematous contusions with mass effect) was the etiology in 40% of cases; all of them were males ( Table 3) . As regards to the Glasgow Coma Scale at the time of admission, 50% of cases had GCS of 3-9, 30% from 10 to 12 and 20% from 13 to 15 (Table 4 ). There was no significant difference in the preoperative GCS between group (1) and group (2) patients (Tables 5 and 6 ).
Preoperative radiological manifestations of increased intracranial pressure caused by supratentorial hydrocephalus on CT scan of the brain were almost identical in both groups. These radiological manifestations included increased Evans' index to 0.3 or greater and temporal horn dilatation in all cases of both groups. Periventricular edema around the frontal horn occurred in 60% of patients in group (1) and in 40% of patients in group (2) ( Table 7) .
Postoperatively, there was a significant difference in the GCS between the two groups. Only 40% of patients in group (1) had GCS of 13-15 one month postoperatively as compared to 80% of patients in group (2) (Tables 8 and 9 ). Forty percentage of patients who underwent only posterior fossa decompression had their supratentorial hydrocephalus completely resolved immediately after surgery, while all cases that had ventriculosubgaleal shunt done had their supratentorial hydrocephalus resolved immediately postoperatively. One month after surgery, the cases that had only posterior fossa decompression had 60% survival rate (three out of five patients), while all cases that also had ventriculosubgaleal shunt done were alive. Two patients died within one month of surgery. They had manifestations of transtentorial herniation, did not respond to dehydrating measures and later had brain stem infarction on postoperative CT scan of the brain. Postoperative morbidity occurred in 3 patients; one of them had meningitis. This patient had ventriculosubgaleal shunt and resolved after a course of antibiotic. Two other patients had superficial wound infection, one patient from each group responded well to medical treatment (Table 10) . These results agreed with other authors' results. [36] [37] [38] In addition, cases that had ventriculosubgaleal shunt in addition to posterior fossa decompression had a shorter period needed for regaining full consciousness (average 3 days) as compared to an average of 12 days in the group that had only posterior fossa decompression done (Table 11 ). This was similar to results of other authors.
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Conclusion and recommendations
Because of the small numbers in our patient series and the clinical bias in the distinction of the patient groups, no definite conclusions can be drawn from this retrospective analysis. However, our experience confirms other reports from larger series. [14] [15] [16] We recommend that patients with large cerebellar infarction causing mass effect and supratentorial hydrocephalus with radiological signs of increased intracranial pressure be treated with a surgical procedure, combining posterior fossa decompression and expansive duroplasty and a temporary CSF drainage using a ventriculosubgaleal shunt to expede recovery and to have a lower mortality rate. 
